Introduction
Retrospective epidemiological studies have linked occupational exposure to nitrous oxide with increased rates of spontaneous abortion, low birth weight and congenital abnormality (Harrington, 1987; Spence, 1987; Tannenbaum and Goldberg, 1987; Guirguis et al., 1990; Monson, 1990 ) . Reduced rates of fertility have also been reported ( Kugel et al., 1989; Baird, 1992; Rowland et al., 1992 ) . The evidence is equivocal due to epidemiological problems associated with verification of exposure and validation of reproductive events. Record linkage studies have also failed to demonstrate any unequivocal association between occupational exposure and reproductive effects (Erikson and Kallen, 1979; ( Erikson and Kallen, 1985; Hemminki et al., 1985 ) .
Concentrations of nitrous oxide in air were monitored in specific working environments throughout Bro Taf Health Authority in South Wales, and generally complied with Occupational Exposure Standards (OES ) in theatre areas, but that there were high environmental levels in some nontheatre areas, particularly in delivery suits ( Henderson and Matthews, 1999 ) . Environmental levels of Entonox (50% oxygen À 50% nitrous oxide ) in delivery suites have been shown on occasions to exceed recommended levels (Spence, 1989) .
Environmental monitoring of air concentrations suffers from certain inherent limitations. The exposure of personnel to pollutants depends on several factors, which include nonuniform distribution of local ventilation and the variation with time of waste gases from a point source as well as movement of personnel with time. Monitoring in the breathing zone of an individual using personal samples rather than static or fixed monitoring seeks to address these factors. However, equilibrium between the atmosphere and the subject is seldom obtained and presents a problem to assessment of biological effect even if personal sampling is employed. This has led a number of researchers to investigate biological monitoring of nitrous oxide, particularly since biological effects relate more to uptake than exposure. The natural production of nitrous oxide in vivo has not been quantified although studies to date (Mitsui and Kondo, 1999; Mitsui et al., 1997) do not indicate that the concentrations produced endogenously would confound measurements of occupational exposure.
Most techniques for breath analysis have been designed to capture and analyse end expired samples as surrogates for blood samples. The physiological basis of breath analysis has been reviewed (Wilson, 1986 ) as has measurement of volatiles in breath ( Wallace et al., 1986 ) . The relationships among breath concentration, the time after exposure and the exposure conditions are not always well established and the significance of individual variability has not yet been studied sufficiently.
Methods
Fifty midwife shifts were monitored within two delivery suites in South Wales using the Bio -VOC sampler for exhaled air developed by the UK Health and Safety Laboratory.
The principal of operation relies upon the relationship between volatile chemical concentrations in the blood and the air deep down in the lungs, generally termed ''endtidal'' air. The concentration of volatile chemicals in alveolar air responds so rapidly to changes in blood concentration that the volatile concentration in the endtidal air can be considered to be in constant equilibrium with that in the blood. An adult exhaling deeply typically breathes out over 4 l of air. Only the last 100 ml of this, all from the alveolar portion of the lungs, is retained by the Bio -VOC sampler. The method is sensitive with a coefficient of variation between 5% and 15% for collection and analysis of breath samples (Dyne et al., 1997) .
Four hours after starting the shift, each midwife was asked to exhale through a cardboard mouthpiece into the plastic Bio -VOC sampler (Markes International, 2000 ) . It was necessary to explain to the midwife that they had to keep exhaling until the lungs were emptied and, therefore, capturing the end -tidal air. Exhaled breath samples were obtained at an interval of approximately 5 min after the last exposure to nitrous oxide.
Once the breath had been collected in the Bio -VOC sampler, a screw -in plunger was used to steadily discharge the sample into a concentrating (sorbent) trap, i.e., a Perkin -Elmer automated thermal desorption ( ATD ) sampling tube. The ATD sampling tube was then capped and was stable for transportation and subsequent analysis by gas chromatography.
In addition, a personal environmental sampling tube (stainless steel tube packed with molecular sieve 5a ) was placed on the lapel of each of the midwives at the start of the shift and then removed 4 h later in order to measure the atmospheric levels of nitrous oxide in the breathing zone.
Both passive environmental sampling tubes and tubes into which breath samples from the Bio -VOC sampler were discharged were thermally desorbed at 1658C in forward flush direction for 3 min with a flow rate of 30 ml / min helium using a Perkin -Elmer ATD -400. Analysis was performed using a Perkin -Elmer Autosystem XL gas chromatograph. A 60 mÂ0.32 mm Gas Pro column was used with inlet pressure of 22 psi of helium. The oven programme was: 10 min isothermal at 1508C, 2508C for 2 min postrun and N 2 O elutes at 7.2 min. Detection was by electron capture at 3408C.
For calibration, a static 2% gas mixture in air was prepared by syringe addition of 20 ml of N 2 O to a ILcalibrated glass flask. Clean Molecular Sieve 5A tubes were fitted to a spare a 1 /4 -in. GC port and purged with helium. Amounts of 0.01 -10 ml of the diluted N 2 O mixture were injected on the calibration tubes.
Results
Individual exhaled breath concentrations ranged between 0 and 727 ppm with a mean of 64 ppm. Individual personal environmental concentrations had a mean of 313 ppm and ranged from 2.4 to 1300 ppm.
It can be seen from Figure 1 that the correlation between exhaled breath and environmental exposure is poor. Each midwife completed a questionnaire at the time when the breath sample was taken (i.e., 4 h ) and she estimated the total duration over the 4 h when the patient had used Entonox. The correlation between estimated length of Entonox exposure and personal environmental exposure for the 50 midwives is shown in Figure 2 and is poor (correlation coefficient =0.3). Similarly, it can be seen from Figure 3 that exhaled breath correlates poorly with estimated length of Entonox exposure.
Discussion
Environmental levels and exhaled breath concentrations of nitrous oxide were found to be high and environmental levels exceeded the UK standard of 100 ppm over the time monitored in 35 of 50 midwife shifts.
The kinetics of absorption of N 2 O and then tissue clearance is not known quantitatively. It is known that nitrous oxide is eliminated in the kidney by a diffusion process determined by the equilibration of partial pressures in urine and plasma. N 2 O is though to be very little absorbed by the tissues and to clear rapidly from the body once exposure ceases. It is also known that samples of end -tidal alveolar air are in equilibrium with arterial blood concentrations. These, therefore, reflect the value of uptake in existence at the time the measurement is made, i.e., an instantaneous measurement rather than an integrated measurement.
The occupational exposure limits (OELs ) in the UK relate to atmospheric levels but because of the inherent limitations of environmental monitoring, a measure that actually reflects uptake ( i.e., biological measurements ) is also desirable.
Occasional ''spot checks'' of exhaled breath could identify individuals whose uptake pattern was very different from that for most individuals. This is all the more relevant as evidenced by our data, which demonstrate that some individuals have high levels in their exhaled breath but that correlations with environmental measurements are poor.
Our research has demonstrated, therefore, that there is a need to explore the kinetics of N 2 O absorption /desorption over the sort of time scales of relevance in occupational health practice. This will require tracking a number of individuals over a period of days spanning both occupational exposure days and nonoccupational exposure days. Exhaled breath will be sampled periodically and the role of accumulated uptake and washout explored on the basis of shift pattern and exposure.
Generally, there was a poor correlation between the personal environmental levels and exhaled breath levels. This maybe explained by the short time nitrous oxide is retained within the body; whilst environmental levels throughout the shift were retained on the adsorbent tube, levels within the exhaled breath would be evacuated from the lungs over a short period of time. There was also a poor correlation between duration of nitrous oxide exposure and exhaled breath concentration. Although midwives were required to complete a short questionnaire detailing how long the patient used Entonox during the monitoring period, it could not be accurately distinguished as to the total duration the midwife stayed with the patient during the Entonox usage.
Monitoring for Entonox exposure by personal environmental sampling using passive diffusion tubes and by exhaled breath using the Bio -VOC sampler was found to be acceptable to midwives and convenient. Calibration of analytical gas chromatography for determination of N 2 O in exhaled breath and environmental samples is accurate and sufficient for this purpose. The reproducibility of each type of sampling was also satisfactory.
In principle, exhaled breath measurements could be a useful adjunct to environmental monitoring in identifying an individuals uptake. However, there is a need to explore the kinetics of nitrous oxide absorption /desorption over the sort of timescales of relevance in occupational health practice.
Our data show that midwives are routinely exposed to levels of N 2 O in excess of the OEL. Only 15 of 50 midwives had time -weighted average environmental exposures, which were below the regulatory OEL, and 28 midwives had very high exposures.
Environmental control measures and /or changes in work practices will be necessary to reduce the high environmental levels observed and clearly environmental monitoring may be undertaken to check the efficacy of such measures in reducing environmental levels.
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